tions led to the conclusion that there is a considerable hydrolysis of fat in the intestinal lumen. According to Frazer (10) about 40 per cent of the dietary fat is hydrolyzed partially, but Borgstr6m and Reiser consider it highly probable that the hydrolysis, in any case into mono-and diglycerides, is practically complete. The latter authors assume that 25 to 45 per cent of the dietary fat is completely broken down into free fatty acids and glycerol; the remaining 55 to 75 per cent is, according to them completely, and according to Bernhard partially, hydrolyzed into monoglycerides.
There is, however, quite another aspect to this problem. Frazer (6) (7) (8) (9) , Bernhard (20) , Borgstr6m (21, 22) , Bloom, Chaikoff, and Reinhardt (23) and Favarger (24) have shown that not all fatty acids are absorbed in the same manner.
According to Frazer the fatty acids of low molecular weight are absorbed in a different manner from those of high molecular weight. Frazer also deals separately with the unsaturated fatty acids, such as A9-octadecanoic acid. As the dietary fats may be of widely varying composition, the determination of the individual absorption of all fatty acids, of which the dietary fat concerned is composed, is of great advantage, in contrast to the determination of the total absorption of fat or of the absorption of one particular labelled fatty acid.
The method of Boldingh (25, 26) enables such an analysis. A case of chylothorax in a child offered us a welcome opportunity to use this method in order to study the absorption of the separate fatty acids (27) . CLINICAL 
FEATURES
Chylothorax is a rare anomaly, arising when the pleural cavity of one or both lungs fills with chyle. The anomaly is caused by a lesion of a chyle vessel. The patient who gave us the opportunity of conducting this investigation was the third child of healthy parents; he was born on July 13, 1950 . The other children were healthy. The mother's pregnancy was uneventful; parturition was normal. Directly following birth it was noticed that the patient had a swollen abdomen and a bilateral testicular hydrocele. When the boy was two months old, operation on a bilateral inguinal hernia (which had developed gradually) revealed that the swollen abdomen was due to chyloascites. Seven months later, a right-sided chylothorax was found in addition.
The signs and symptoms of chylothorax and chyloascites alternated in predominance, without any operation being necessary, up to the age of nearly two years. Then he began to have attacks of dyspnea until he was admitted to the hospital, because of the severity of the dyspnea, at the age of 22 months.
On examination no other abnormalities were found apart from a barrel-shaped thorax and much fluid in the right pleural cavity. There was no fluid in the abdominal cavity. Feces, urine and blood were normal on morphological and chemical examination. Liver function and fat balance were also normal (the latter had been disturbed only for a short period during and after ani infection). Although the patient's nutritional condition was not optimal, his growth during his affection and after recovery from it was always normal. On the strength of these data the patient was regarded as a healthy child with a purely anatomical abnormality. It may therefore be assumed that the chyle of this patient was also normal.
The right pleural cavity was drained weekly by aspiration during his eight months' stay in the Pediatrics Department. The secretion of chyle into the pleural cavity diminished during the last few weeks of this period and had ceased completely at the end of the eight months. So far relapses have remained absent and, at the time of writing, the child is in good condition.
The patient's chyle came up to the requirements of Baldridge and Lewis (28): 1) its color was that of milk; 2) a cream-like upper layer separated from the fluid at rest; 3) it was an emulsion of fine fat droplets; 4) its reaction was alkaline; 5) the fluid was sterile and not liable to decomposition;, 6) the fat content was usually high, varying between 0.4 and 4.0 per cent; 7) the protein content was usually more than 3.0 per cent; 8) the fluid contained many lymphocytes. It appeared moreover that: the fat content of the chyle was dependent on the fat content of the diet; and, the fatty acid composition of the chyle fat was dependent on the fatty acid composition of the dietary fat. These relationships are characteristic of chyle and constitute proof that the fluid aspirated from the thoracic cavity was actually chyle. Results of laboratory examinations are shown in Table I . EXPERIMENTAL 
Aim of the investigation
The aim of the investigation was to study the relationship between dietary fat and chyle fat, to arrive at conclusions on the absorption of fats in man, and to test these conclusions against the current theories on the mechanism of fat absorption. As not all intestinal chyle accumulates in the patient's thorax, absolute measurement of the absorption via the lymph was not possible. The natural fats, which are mixed triglycerides being composed of widely varying proportions of the fatty acids, n-octanoic to n-docosanoic, were administered to the patient in such a way that each time certain particular fatty acids could be studied. When the patient was given butterfat, the emphasis fell on the short-chain fatty acids, n-tetranoic, n-hexanoic, and n-octanoic; when given margarine and coconut oil, n-octanoic, n-decanoic, and n-dodecanoic acid were preponderant. A synthetic fat, "capryl olive oil," was administered to study the behavior of n-octanoic acid more closely; cacao-butter was given to examine that of n-hexadecanoic and n-octadecanoic acid; and finally a synthetic fat with hydrogenated herring oil was given to investigate the absorption of n-eicosanoic and n-docosanoic acid.
The next step was to study the absorption via the lymph of some unsaturated fatty acids. By feeding sunflower oil and linseed oil the absorption of A'. aoctadecadienoic acid and A'. . -octadecatrienoic acid was investigated, while the behavior of AU-docosenoic acid was studied by the administration of rapeseed oil. Comparison of the lymphatic absorption of olive oil and el'aidinized olive oil enables us to investigate the absorption of Aoctadecenoic acid (both cis-and trans-isomers).
As the lymph was aspirated only once a week, the possibility could not be excluded that some fatty acids might be absorbed from the thoracic cavity to a greater extent than others. This is, however, unlikely because the fatty acids are almost completely present as fat in the lymph. A differentiation is therefore impossible here and a specific absorption can therefore not be expected.
It is possible that part of the fat is absorbed via the portal system and the liver. This was not investigated in the case concerned. The possibility should not be overlooked that some fat escapes absorption and is excreted in the feces. In order to keep a check on this the fat balance was always determined by the method of van de Kamer (29 n-tetranoic acid were quantitatively determined separately.
Of the unsaturated fatty acids, only the poly-unsaturated ones could be determined individually by measurement of the absorption spectrum in ultraviolet light after alkaline isomerization. It was impossible to determine the mono-unsaturated fatty acids directly, either separately or in toto. The sum of the unsaturated fatty acids was computed by subtracting the total of the saturated fatty acids from the total of all fatty acids. The iodine number also lent support to this calculation. With these restrictions the fatty acid composition of each dietary fat could be compared with that of the corresponding chyle fat. The extraction and analyses of the fat from chyle, feces and blood were carried out by the methods of van de Kamer and his colleagues (30) , using the analytical method of Boldingh (25, 26) . A mixture of the analytically pure saturated fatty acids, n-hexanoic to n-docosanoic, which contains of each fatty acid 2 to 8 mg., can be analyzed with this method so that each acid is estimated with an accuracy of about 5 per cent. The minimum amount which can be determined with this accuracy is 0.5 to 1.0 mg., depending on the molecular weight.
Vitamins A, D, B-complex 2 and C were added to this diet. Stabilized ferrous chloride was also given per os. 
RESULTS
The chyle fat during a low-fat diet
The chyle fat does not give an accurate impression of the intestinal lymph fat because the chyle consists of a mixture of intestinal and non-intestinal lymph. This should be kept in mind when a comparison is made of the fatty acid composition of chyle fat with that of dietary fat. In other words, if the chyle fats are to be compared with the corresponding dietary fats, a correction must be made for the admixture with non-intestinal lymph fat. The composition of the fat in the nonintestinal lymph is unknown, but it may be assumed that chyle fat collected during a low-fat period is similar to non-intestinal lymph fat, because the fat in the chyle during such a low-fat diet can not be of intestinal origin. The correction factor was determined by analyzing the chyle fat of four low-fat periods. Both the fatty acid composition and the fat content of this chyle were practically constant in all the periods. From this it follows that the composition of the "corrected chyle fat" can be calculated by subtracting the non-intestinal fat from the chyle fat as found by analysis. Then the fatty acid pattern of the "corrected chyle fat" can be compared directly with that of the dietary fat.
The patient was on a low-fat diet for four successive periods of a week each, the amounts of Figure 1 shows the composition of the chyle fat during a low-fat regimen. For purposes of comparison the fatty acid pattern of the blood fat of the fasting patient during another dietary period is also given. There is a striking resemblance between the two fatty acid patterns (31) . This does not imply that the forms in which these fatty acids occur (triglycerides, phospholipids, and cholesterol esters) are also similar. Table II shows that during the first period of the low-fat diet there was still an admixture with "high-fat" chyle from the preceding margarine period. In the three following periods, however, the chyle was characterized by a constant low fat content and a constant fatty acid composition. The iodine number of this chyle fat was as high as that of the fat of the blood serum of the fasting patient (see Figure 1 ). shows a resemblance to that of the "low-fat" chyle from ours (see Table II ).
The chyle fat during a diet containing butterfat, coconut oil or margarine
The dietary fats and the chyle fats were analyzed in the usual manner, while the n-tetranoic acid content was determined separately by the method of Fairbairn and Harpur (32) . The results are shown in Figure 2 . The figures on the left show the percentage composition of the dietary fat in comparison with the "corrected" composition of the chyle fat. Those on the right give curves of the lymphatic absorption coefficient of each fatty acid of the dietary fat. These coefficients were cal- The diagrams demonstrate a resemblance between the composition of the chyle fat and the dietary fat. This holds true for butterfat, coconut oil, and margarine. On closer consideration, however, certain differences become clearly manifest when the various C.L.A.'s are taken into account (see the graph on the right). n-Tetranoic, n-hexanoic and n-octanoic acid are completely absent in the chyle; the C.L.A. of n-decanoic acid is 3 to 5 per cent; of n-dodecanoic acid 7 to 10 per cent; of n-tetradecanoic acid somewhat more, just as for n-hexadecanoic and n-octadecanoic acid. In this way it is demonstrated that the C.L.A. increases when the chain length of the fatty acids increases. The unsaturated fatty acids are absorbed as well as or somewhat better than the saturated n-tetradecanoic, n-hexadecanoic, and n-octadecanoic acids.
The chyle fat during a diet containing "capryl olive oil"
As it was a very striking feature that the shortchain fatty acids, n-tetranoic, n-hexanoic, and n-octanoic, were not found in the chyle when the patient was given margarine, butter, or coconut oil, it was of importance to verify this observation by administering one of these fatty acids in a greater amount in the form of triglyceride. The following data gathered from the literature are given for purposes of comparison. Kiyasu, Bloom, and Chaikoff (33) administered to rats 1-Cl4-labelled n-decanoic acid dissolved in maize oil. The lymphatic absorption of this free fatty acid was only 7 to 19 per cent. Frazer used tributyrine (the triglyceride of n-tetranoic acid) which was not found in the chyle after administration to rats. One should, however, be cautious in drawing con- clusions from these experiments because a free fatty acid was used in the first experiment, which is an unphysiological procedure. In the second experiment a single triglyceride was employed, not to be compared with the natural fats which are composed of mixed triglycerides. Moreover, in contrast to the other long chain fatty acids, n-tetranoic acid is very readily soluble in water. Apart from these objections the experiments show at most that some short-chain fatty acids are not absorbed in the chyle or absorbed only to a very slight degree. We observed the same phenomenon in the absorption of mixed triglycerides in which the short-chain fatty acids, n-tetranoic, n-hexanoic and n-octanoic acid, from margarine, butterfat, and coconut-oil were also absent in the chyle. At the same time, however, the long-chain fatty acids were demonstrated in the chyle. This can only be explained by hydrolysis of the dietary fat.
In the experiment described below, a fat was chosen which would clearly show whether or not hydrolysis occurred. Use was made of "capryl olive oil," a fat containing 46 per cent n-octanoic acid. This was prepared by subjecting a mixture of equal parts of olive oil and tricapryline, the triglyceride of n-octanoic acid, to alkaline reesterification. In this way a mixed triglyceride was formed in which each molecule contained at least one n-octanoic acid group.3 This "capryl olive oil" was given to the patient in the usual quantities (28 gm. daily) for one week. The fat balance was normal during this period (absorption coefficient 98 per cent). The fat content of the chyle also retained a normal value (2.1 per cent). This proves that the fat absorption in general, as well as the lymphatic absorption in particular, was normal. For these reasons this experiment with a synthetic fat may be considered a physiological one. As n-octanoic acid was found in the chyle in only slight amounts, while the "capryl olive oil" was well absorbed (the fat balance was normal), it seemed acceptable that this fatty acid was absorbed via the portal vein or converted in the intestinal wall (< 12.5 mg. per cent octanoic acid). Whether n-octanoic acid could be demonstrated in the blood was therefore investigated. Three and one-half hours after an oral dose of 28 gm. "capryl olive oil" (i.e., the whole amount for one day) venepuncture was carried out and the blood fat analyzed. n-Octanoic acid could not be demonstrated in it, and it may therefore be concluded that n-octanoic acid does not pass the liver as such but is converted in the intestine or liver.
The chyle fat during a diet containing cacao-butter and hydrogenated herring oil uith peanut oil In order to study in more detail the lymphatic absorption of the saturated fatty acids, n-hexadecanoic, n-octadecanoic, n-eicosanoic and n-docosanoic, experiments were carried out with cacaobutter, a fat containing 25 per cent n-hexadecanoic and 35 per cent n-octadecanoic acid, and with a hydrogenated herring oil (re-esterified with peanut oil so that the melting point was 42°C.), a fat containing 8 per cent n-eicosanoic and 8 per cent n-docosanoic acid. No conclusions can be drawn regarding the absorption of n-hexadecanoic and n-octadecanoic acid because the cacao-butter diet was preceded by a period during which the patient suffered from enteritis. Although he seemed clinically cured, there was still present a steatorrhea (absorption coefficient = 80 per cent), the fat of which contained much hexadecanoic and n-octadecanoic acid. The low coefficient of absorption of cacao-butter might be caused by the high percentage of stearic acid in this fat, viz. 35 per cent. This is in accordance with the results of Bloom, Chaikoff, and Reinhardt (23) by the rat, in contrast to at least 80 per cent of shorter chain fatty acids.
It can only be deduced that n-eicosanoic (Cu.) and n-docosanoic (C22) acids are absorbed through the lymph. It was, however, impossible to calculate the degree of this absorption because the chyle production had fallen markedly during this period, owing to the patient's spontaneous recovery.
The chyle fat during diets containing fats with unsaturated fatty acids In order to study more closely the absorption of various unsaturated fatty acids, A9-octadecenoic acid (cis and trans-isomers), A9, 12-octadecadienoic acid, A9, 12, 15-octadecatrienoic acid, and A18-docosenoic acid, experiments were carried out with olive oil (containing cis-A9-octadecenoic acid), elaidinized olive oil (containing trans-AR-octadecenoic acid), sunflower seed oil (containing A9'lS.2_octa-decadienoic acid and A9" 12, 'l-octademtrienoic acid), linseed oil (idem) and rapeseed oil + peanut oil (containing A13-docosenoic acid). The results are represented in Figure 4 . In all cases there was a great degree of resemblance between the composition of chyle fat and dietary fat.
Summary
The results of the entire investigation are comprised in Figure 5 . The composition of the chyle fat remained practically unchanged in successive periods when the same dietary fat was given. On the other hand, when a change was made in the dietary fat a simultaneous change in the chyle fat was observed. The similarities and differences between the dietary fat and the corresponding chyle fat are also evident in the Figure. Of the saturated fatty acids, n-tetranoic and n-hexanoic are not present in the lymph, while n-octanoic is found only to a very slight degree, even if this fatty acid is present in large amounts in the dietary fat. n-Decanoic acid is found in the lymph but its absorption is less than that of n-dodecanoic, n-tetradecanoic, n-hexadecanoic, and In order to compare the C.L.A.'s of the fatty acids in the various periods, it is necessary to eliminate the differences in the production of chyle during these periods (see Figure 7) . Although some objections may be raised to this procedure, the fatty acids found in the chyle were recalculated for a standard chyle production of 500 ml. per week. This seems to be justifiable since the fat content of the chyle was independent of the quantity of chyle produced per week and also because the amount of chyle was independent of the nature of the dietary fat. The diminution of the quantities of chyle aspirated weekly was due to the patient's spontaneous recovery.
The various unsaturated fatty acids were absorbed well. The C.L.A.'s of these fatty acids are of the same order as those of the saturated fatty acids, n-tetradecanoic, n-hexadecanoic, and n-octadecanoic.
It follows from the difference in lymphatic absorption of the saturated fatty acids, n-octanoic, n-decanoic, and n-dodecanoic, that the dietary fat must be hydrolyzed at least partially during absorption. Otherwise, if dietary fat was absorbed without hydrolysis, there would be no difference in the absorption coefficient of the three mentioned fatty acids. Thus the results of the experiments with butter, margarine, and coconut oil may be explained by hydrolysis of part of the dietary fat. The other part of it might pass through the intestinal wall as triglyceride and be absorbed with the chyle. In the experiment with "capryl olive oil" almost every molecule of fat must have been hydrolyzed, as Figure 5 shows that the C.L.A. of n-octanoic acid is only 0.7 per cent, while the coefficient for the longer chain fatty acids of this fat amounts to 8.6 per cent.
The result of the very low lymphatic absorption of n-octanoic acid is also clearly manifest on comparison of the composition of dietary fat. The dietary fat contained 46 per cent n-octanoic acid while only 4 per cent of this acid was recovered in the chyle fat. The practical absence of n-octanoic acid in the chyle fat can only be explained by the assumption of a hydrolytic breakdown of almost every molecule of fat because each fat molecule contains an n-octanoic acid group. This hydrolysis, however, is not conceivable when the fat is present in the intestine in the form of tiny globules as the lipase cannot act on each fat molecule under these circumstances.
On the strength of the above considerations ("capryl olive oil"), the assumption that practically every triglyceride molecule undergoes hydrolysis does not imply that each fat molecule is hydrolyzed completely (1-2) ; it is quite possible that only one or two molecules of fatty acid are split off, so that mono-and diglycerides are formed.
It may be that the intestine possesses the ability of dealing with a fat, molecule by molecule. Hence the following differentiation might be possible:
1. Certain fats might be absorbed almost without hydrolysis, e.g., the greater part of the markedly unsaturated fats, olive oil, sunflower seed oil, linseed oil, and rapeseed oil. A selective splitting off of special fatty acids from the fat droplets is hardly probable, the more so because these are surrounded by a layer of mono-and diglycerides (3-12). Frazer's view that the fatty acids n-tetranoic to n-decanoic are removed selectively from the fat droplets after hydrolysis, owing to their solubility in water, is debatable, because only the solubility of n-tetranoic acid in water is very high, while those of n-hexanoic, n-octanoic and n-decanoic acid decrease successively with rapidity. The above selection may take place in the intestinal contents or in the intestinal cells.
CONCLUSIONS
It may be stated that the nature of a dietary fat decides whether or not it is hydrolyzed in the intestinal lumen and subsequently partially resynthesized to chyle fat in the intestinal wall. If there is a hydrolysis followed by resynthesis, these processes are such that the degree of lymphatic absorption is different for each fatty acid. This means that the absorption mechanism is accompanied by considerable selective capacity. Selection of triglycerides or fatty acids, however, is only possible if the fat droplets, each actually consisting of millions of molecules, disintegrate.
On the strength of this idea it is conceivable that some dietary fats (olive oil, sunflower seed oil, etc.) pass more or less unchanged into the chyle, and that in the case of other fats (butter, coconut oil, margarine, etc.) the fatty acid pattern of the chyle fat differs considerably from that of the dietary fat.
SUMMARY
The absorption of fat via the lymph was studied in an otherwise healthy child with chylothorax by administering various dietary fats during twoweek periods and comparing the fatty acid composition of dietary fat and chyle fat.
It appeared that the various fatty acids were not absorbed to the same extent. n-Hexanoic, n-octanoic and n-decanoic acid were not found, or found to only a slight degree, in the chyle. This was confirmed with an especially prepared fat, "capryl olive oil," containing 46 per cent n-octanoic acid.
The following hypothesis was evolved, based on the experiments described: Certain fats may be absorbed almost without hydrolysis, e.g., the greater part of the markedly unsaturated fatty acids (such as olive oil, sunflower seed oil, and rapeseed oil). Other fats must first be hydrolyzed completely or partially, viz., the fats containing short-chain fatty acids, such as butter, coconut oil, and "capryl olive oil." In the latter case this hypothesis cannot be reconciled with Frazer's theory of particulate absorption.
